INTRODUCTION
Gastric mucosa-associated lymphoid tissue (MALT) lymphoma is a rare extranodal marginal zone B cell lymphoma that originates in the stomach, accounting for 40% to 50% of primary gastric lymphomas, 20% to 40% of extranodal lymphomas, 4% to 9% of all malignant lymphomas, and 1% to 6% of all gastric malignancies.
1,2 Gastric MALT lymphoma is difficult to diagnose because of its nonspecific symptoms and various endoscopic findings.
Helicobacter pylori infection is suggested to be causally associated with primary gastric MALT lymphoma. 3, 4 Therefore, H.
pylori eradication could be an effective therapeutic option in cases of early-stage, low-grade gastric MALT lymphoma. 5, 6 In a recent study in Japan, complete remission (CR) was achieved in 77% of 420 patients with gastric MALT lymphoma, with 5-and 10-year overall survival rates after H. pylori eradication of 99% and 95%. 7 In addition to H. pylori eradication, chemotherapy or radiotherapy has been demonstrated to have a curative potential for gastric MALT lymphoma in some retrospective studies. [8] [9] [10] Surgery was also considered a treatment option for gastric MALT lymphoma in the pre-H. pylori era. Unlike that for H. pylori-positive MALT lymphoma, the management strategy for H. pylori-negative MALT lymphoma remains controversial. A study reported that only 11.1% of patients with H. pylori-negative MALT lymphoma responded to eradication therapy. 11 Therefore, the aim of the present study was to examine the success rate of each treatment option for H. pylori-positive and H. pylori-negative gastric MALT lymphomas.
MATERIALS AND METHODS

Patient population
Between December 2000 and June 2012, gastric MALT lymphoma was diagnosed in 65 patients from Pusan National University Hospital (Busan, Korea). The diagnosis was based on morphological and immunophenotypic analyses of biopsy specimens obtained from gastric lesions identified on esophagogastroduodenoscopy. The medical records of the patients were reviewed retrospectively. Of the 65 patients, eight were excluded, four being lost to follow-up, and four being followed up after H. pylori eradication. Finally, the data from 57 patients were included in the comparison of treatment results for gastric MALT lymphoma with and without H. pylori infection (Fig. 1) . Clinical stage was determined on the basis of the Lugano staging system, a modification of the Ann-Arbor classification. 12 This study was reviewed and approved by the Institutional Review Board of Pusan National University Hospital.
Endoscopic findings
Gross findings were classified into two types according to endoscopic features; 1) superficial type: erosive, discolored, cobblestone, IIc, fold thickening, and submucosal tumor-like features; and 2) advanced cancer-like type: ulcerative, and polypoid features. 13 In addition, the location and number of lesions were examined.
Diagnosis and eradication of H. pylori infection
H. pylori infection was examined using at least two of the following methods: histology, urea breath test, rapid urease test and serological test. H. pylori infection was regarded to be present if at least one test had positive results and absent if all the tests had negative results. The patients received H. pylori eradication treatment with a 1-or 2-week standard triple therapy consisting of proton pump inhibitor (PPI), clarithromycin, and amoxicillin. If the H. pylori eradication treatment failed, the patients received a 1-or 2-week quadruple therapy consisting of PPI, metronidazole, bismuth, and tetracycline. Success or failure of the eradication therapy was determined by histology, rapid urease test or urea breath test at least 4 to 6 weeks after the treatment.
Other treatments
Radiation therapy was administered 17 times, with a total dose of 30.6 Gy and fraction size of 1.8 Gy. All the patients were treated with opposed anterior and posterior fields to the stomach and perigastric lymph nodes.
Chemotherapy regimens were as follows: rituximab and cyclophospha mide, adriamycin, vincristine, and prednisolone; rituximab and cyclophosphamide, vincristine, and prednisolone; and etoposide, ifosfamide, cytarabine, and cisplatin. Each regimen was administered for six cycles. In one case, the mesna, ifosfamide, mitoxantrone, and etoposide regimen was administered as second-line chemotherapy.
In patients treated with surgery, either wedge resection or Billroth I subtotal gastrectomy was performed.
Posttreatment evaluation
Follow-up endoscopy with multiple biopsies was performed 3 to 4 months after treatment completion to evaluate the treatment response. Thereafter, periodic follow-up endoscopy with multiple biopsies was performed every 4 to 6 months until CR was documented. CR was defined by the absence of macroscopic findings of lymphoma and negative histology in two subsequent follow-up investigations. In cases of H. pylori eradication therapy, further follow-up evaluation for H. pylori-positive and H. pylori-negative gastric MALT lymphoma was performed every 4 to 6 months until at least 1 year by the watch and wait strategy. If CR was not achieved until at least 1 year after eradication, other treatments were administered.
Statistical analysis
A chi-square or Fisher exact test was performed to assess differences in baseline characteristics, endoscopic findings, and treatment response between H. pylori-positive and H. pylorinegative gastric MALT lymphomas. A p<0.05 was considered statistically significant. Statistical calculations were performed using the SPSS version 17.0 software for Windows (SPSS Inc., Chicago, IL, USA). 
Patient characteristics
Of the 57 patients with gastric MALT lymphoma, H. pylori infection was present in 43 (75%). The baseline characteristics of the 57 patients (24 men and 33 women; mean age, 57 years) enrolled in this study are presented in Table 1 . The median follow-up period was 26 months (range, 3 to 125 months). Thirtythree patients (58%) had multiple lesions. In the single-lesion cases, the lesions were located mainly in the lower portion of the stomach. Most (47/57, 82%) of the gastric MALT lymphoma cases were stage I.
No significant differences in age, stage, and number of lesions were found between H. pylori-positive and H. pylori-negative MALT lymphomas. Only male gender was associated with the H. pylori-negative MALT lymphomas (p=0.011).
Endoscopic findings of gastric MALT lymphoma
The endoscopic findings of gastric MALT lymphoma mostly corresponded with the superficial type (49/57 [86%]; 37/43 in H. pylori-positive MALT lymphoma and 12/14 in H. pylori-negative MALT lymphoma). No significant differences in superficial types were observed between the two groups. In the H. pyloripositive MALT lymphoma, the erosive superficial type was predominant. In contrast, all the superficial types were similar in the H. pylori-negative MALT lymphoma (Table 2 ). Table 3 summarizes the success rate of each treatment in all the 57 patients with gastric MALT lymphoma. Of the 48 patients with MALT lymphoma who received H. pylori eradication therapy as a first-line treatment, eradication was successful in 41 (85%), with the first-line standard triple therapy in 38 patients and second-line quadruple therapy in the remaining three patients. Furthermore, of the 48 patients, 36 (75%) achieved CR, with a time to CR after H. pylori eradication therapy of 3 to 12 months. The 12 patients who failed to achieve CR by H. pylori eradication therapy received additional second-line treatments as follows: radiotherapy (n=6), chemotherapy (n=5), and surgery (n=1). After treatment, 11 patients achieved CR, whereas one patient who received chemotherapy did not achieve CR. Of the nine patients who did not receive H. pylori eradication therapy, six patients received chemotherapy, one radiotherapy and two sur gery. Of the six patients who receive chemotherapy, one did not achieve CR. Despite the additional chemotherapy in two of the patients who did not achieve CR after the first-line treat- ment, CR was still not achieved; therefore, they received supportive care. Among the 57 patients with gastric MALT lymphoma, seven received radiotherapy, of whom one had H. pylori-negative MALT lymphoma and six had eradication therapy-failed H. pylori-positive MALT lymphoma. The success rate of radiotherapy was 100% (7/7). Only mild adverse events such as nausea and dyspepsia were noted during radiotherapy.
Treatment of gastric MALT lymphoma 1) Success rate of each treatment
Of the 11 patients who received chemotherapy, six had H. pylori-negative MALT lymphoma and five had eradication therapy-failed H. pylori-positive MALT lymphoma. The success rate of chemotherapy was 82% (9/11). Although most of the patients who received chemotherapy had high-stage (stage II or higher) lymphoma, except one patient (stage I1E), they achieved a high CR rate. The following were the adverse events experienced by the patients who received chemotherapy; pancytopenia in one and Pneumocystis jiroveci pneumonia in another after chemotherapy. During the follow-up period, one patient with H. pylori-positive MALT lymphoma who achieved CR after chemotherapy had disease recurrence and thus received supportive care without further treatment.
Three patients underwent surgery: wedge resection in two and Billroth I subtotal gastrectomy in one. Of the three patients, two had H. pylori-negative MALT lymphoma and one had eradication therapy-failed H. pylori-positive MALT lymphoma; all achieved CR.
2) Treatment outcomes according to H. pylori infection status After H. pylori eradication therapy, CR was achieved in 31 of the 39 patients (80%) with H. pylori-positive gastric MALT lymphoma and in five of the nine patients (56%) with H. pylorinegative MALT lymphoma (Fig. 2) . H. pylori eradication therapy had a superior trend in the H. pylori-positive MALT lymphoma but made no significant difference in both groups (p=0.135).
The other treatment modalities, including radiation therapy, chemotherapy, and surgery, were effective irrespective of H. pylori infection, with no significant difference in treatment response between H. pylori-positive and H. pylori-negative MALT lymphomas. 
DISCUSSION
Gastric MALT lymphomas usually show slow progression and are localized; therefore, they are clinically characterized by long disease-free and long overall survival periods. [14] [15] [16] In gastric MALT lymphomas, H. pylori infection is generally known as an important cause of the disease, and when appropriate diagnostic methods are used, the prevalence of H. pylori infection is high, at nearly 90%. 16 Therefore, eradication therapy against H.
pylori is universally accepted as the first-line treatment for H. pylori-positive gastric MALT lymphoma, 6,17 achieving complete lymphoma remission in 60% to 90% of patients. 3, 6, 18 In the present study, H. pylori infection was present in 75% of the patients and the CR rate after eradication therapy was 75%, irrespective of H. pylori infection.
To date, the differences in clinical findings and treatment response according to the treatment modalities between H. pyloripositive and H. pylori-negative gastric MALT lymphomas are unclear. In the present study, most (82%) of the gastric MALT lymphoma were stage I and the endoscopic findings indicated various superficial types (89%). In H. pylori-negative gastric MALT lymphoma, male predominance was observed. No significant differences in the other clinical findings were observed between H. pylori-positive and H. pylori-negative MALT lymphomas. Based on the endoscopic findings, the predominant superficial type in H. pylori-positive MALT lymphomas was erosive-type, whereas no predominant superficial type was observed in the H. pylori-negative MALT lymphomas.
The optimal management of H. pylori-negative MALT lymphoma is still controversial. Akamatsu et al. 11 reported a lower response rate to eradication treatment in patients with H. pylorinegative MALT lymphoma. Although 74% of patients with H. pylori-positive MALT lymphoma achieved complete regression with eradication treatment, only 11% of patients with H. pylori-negative MALT lymphoma responded to antibiotics. H. pylori-negative or H. pylori-positive MALT lymphomas that are unresponsive to eradication therapy have been reported to show a good response to radiation therapy. In their study, 13 of 14 patients (93%) showed complete response to 30-Gy radiation therapy, although distant recurrence was observed in three patients. 11 However, in the present study, despite the small number of H. pylori-negative MALT lymphoma (n=9), no significant difference in CR rate after eradication therapy was observed between H. pylori-positive and H. pylori-negative gastric MALT lymphomas (80% vs 56%, respectively), consistent with the results of Raderer et al., 19 who reported a high CR rate of 83.3% (five of six patients). These findings suggest that H. pylori eradication therapy may be considered as a first-line treatment regardless of H. pylori infection. The following are two possible reasons why eradication therapy might be effective for H. pylori-negative gastric MALT lymphoma: first, another infective organism such as Helicobacter heilmannii, might be involved in the development of gastric MALT lymphoma; 20 second, because of very low bacterial counts, conventional examination could not detect the organisms. 13 Although MALT lymphomas can occur in any region of the stomach, they are most commonly located in the lower portion of the stomach, indicating localization of the highest concentration of colonized H. pylori organisms and acquired lymphoid tissue. 6 We also demonstrated that single-lesion gastric MALT lymphomas were mainly found in the lower portion but H. pylori-negative gastric MALT lymphomas were relatively more frequently found in the upper portion. The subset of H. pylorinegative tumors has been assumed to include autoimmunerelated or autonomous tumors, which predominantly involves the corpus in contrast to H. pylori-induced antrum-predominant gastritis. 21, 22 In the pre-H. pylori era, localized gastric lymphomas of any histological type were commonly treated with partial or total gastrectomy, which can lead to long-term morbidity. Recently, conservative treatments that allow stomach preservation, such as radiotherapy or chemotherapy, are known to be potential treatments for gastric lymphoma. Several studies reported that CR was achieved in H. pylori-negative MALT lymphomas after radiotherapy. [23] [24] [25] In the present study, seven patients with H.
pylori-negative MALT lymphoma or eradication therapy-failed localized gastric MALT lymphoma received radiotherapy alone and achieved CR in the absence of significant adverse effects. Therefore, radiotherapy may be considered as an effective treatment for localized gastric MALT lymphoma. Similarly, chemotherapy showed high effectiveness (82%) despite lymphoma with relatively high clinical stages; however, it caused some adverse events such as pancytopenia and opportunistic pneumonia. Our study had some limitations. First, it was a retrospective study that assessed the treatment outcomes for gastric MALT lymphomas according to H. pylori infection status. Therefore, the patients were selected to undergo each treatment modality according to the clinical opinions and decisions of the medical physicians at the time of treatment. Secondly, the number of subjects, especially the number of those with H. pylori-negative gastric MALT lymphoma, was rather small. Thirdly, endoscopic ultrasonography and analysis for monoclonality were not performed. Finally, the translocation t(11;18)(q21;q21), which is known as a predictor of the treatment response of gastric MALT lymphoma, was not considered in this study.
In conclusion, the H. pylori eradication therapy achieved higher CR rates in H. pylori-negative as well as H. pylori-positive gastric MALT lymphomas. In addition, radiation therapy was effective for H. pylori-negative or eradication therapy-failed localized gastric MALT lymphoma. Therefore, we suggest that H. pylori eradication therapy be considered as an initial treatment option for localized gastric MALT lymphoma regardless of H. pylori infection and that radiotherapy be considered as an effective second-line therapy for H. pylori-negative or eradication therapy-failed localized gastric MALT lymphoma. In cases of high-stage or extensive diseases, chemotherapy might be effective.
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